A mini-computer based environmental sample analysis and data storage system has been developed. The system is used for analytical data acquisition, computation, storage of analytical results, and tabulation of selected or derived results for data analysis, interpretation and reporting. This paper discusses the structure, performance and applications of the system.
Introduction
Mini-computers are widely used to support analytical laboratory measurement equipment. Systems have been developed which use mini-computers for both measurement data acquisition and data reduction to yield an analytical result.1-6 The use of laboratory based mini-computers forstorage of a large number of analytical results together with other significant experimental information for subsequent analysis and reporting of the experimental results has received less attention in the literature. This paper describes a mini-computer based system for environmental sample analysis and data storage and analysis. The system was developed for radionuclide analyses of environmental samples but is not restricted to environmental radiochemical measurements.
The need for the system resulted from the large number of economical radionuclide measurements possible with advanced high-resolution gamma-ray spectrometry.
System Functions
Our laboratory conducts and cooperates in a number of research programs which require a variety of radiochemical and analytical measurements. Thus, samples from a number of sources are subjected to the same measurement procedure. Many measurements of different types are required for an experiment or research program. These measurements or sample analyses can extend over a considerable time period. Sample analysis and the resultant analytical measurement data processing can be accomplished most efficiently when the analyses are batched by analytical measurement criteria rather than by research programs. However, when data is being evaluated the researcher often requires a data-set collected from a number of sources over an extended time interval. If the amount of data is large as is the case when many radionuclide concentrations are calculated from a single gamma-ray spectrum it is desirable that the data be in a form which can conveniently be processed by use of computer faci]ities.
The system described in this paper was developed to support the data acquisition needs of our laboratory as well as to support the record keeping required for assembly and analysis of sets of experimental data. Design criteria included timely maintenance and reporting of data, easy correction of errors and frequent and economical report updating. Specific functions of the system are described in the following paragraphs.
File Maintenance
The system maintains separate files as required for each experiment, project or customer. These files 743
include sample identification and descriptive information as well as measurement results. A unique analysis number is assigned to each sample to be processed through one or more analyses. This number is then used for a storage and analysis reference for all data on the sample. Descriptive data such as other identification, dates and comments as well as analysis data can be entered as acquired.
Files of individual analysis spectra are also maintained to aid in the reduction of radiochemical measurements to radionuclide analysis results.
Pulse Height Data Acquisition
The radiochemical analyses performed by our laboratory generally require measurements of radiation and time relationships as well as activity levels. This is usually accomplished by pulse height analysis with a variety of analyzers and detector systems.7-12 Some of the analyzers are multiplexed to service several detectors. 3 -4 Most of the systems output spectral, time and identification data on punched paper tape.14 Several detectors can be interfaced directly to the computer.8 Since many of the measurements require long counting periods anda large number.of channels, it is not practical to have all the pulse height data directly accumulated in the system computer.
Spectral Analysis
Prior to analysis of spectra produced by pulse height analysis, the multiplexed data is separated into individual spectra.'5 After separation of the spectra, different methods are used to reduce the spectral data for identification and quantitation of the radionuclides present. The types of spectra for which we have established analysis procedures include gamma-ray spectra for either NaI(Tl) or Ge(Li) detector systems, x-ray spectra from solid state detectors, alpha spectra from solid state detectors, beta spectra from liquid and plastic scintillation detectors, time-dependent spectra from a variety of detector systems and multidimensional pulse height analysis data.
The analysis methods used utilize spectra plotting, weighted least squares, peak location, nuclide estimation and nuclide identification programs. The weighted least squares program is used primarily for NaI(Tl) spectra and time-dependent data analysis. The peak location estimation and nuclide identification programs are used for analysis of high-resolution spectra from solid state detectors. A spectrum plotting program is used-in conjunction with the peak location program to produce spectral plots with the peak energies labeled. All data can be decay-corrected to a desired date.
Neutron Activation Analysis
Neutron activation analysis can involve the collection of a number of spectra from both irradiated samples and comparator standards plus other types of data over a considerable time period. Information required for final calculation of analytical results includes all the radionuclide estimates from a number of spectra (often time dependent), sample size and radiochemical carrier and/or spike data. A separate raw *Work performed under USERDA, Contract E(45-1)-1830 data file and calculation system is used for accumulation of spectral analysis results and calculation of final analytical resultsl.
Data Evaluation and Reporting
The spectral analysis programs and the neutron activation analysis programs produce individual reports for each radiochemical analysis. An experiment or project can require data from a number of radiochemical and other analyses. This data is assembled on an individua'i experiment, project or customer data file together with other pertinent information. The data files are used for supplying information on such items as sample size and dates required for calculations. The data files are also used for evaluation and reporting of experimental progress, status and results.
Report generation programs are used to retrieve results or quantities derived from filed results for tabulation or plotting with the graphics terminal and for statistical analyses. Periodic management-type status reports are also routinely issued. Corrections can be rapidly made to spurious file entries and corrected reports reissued.
System Description
The computer system was developed by integrating counting instrumentation and computer hardware available in our laboratory with suitable software.
Hardware
The counting instrumentation used in this system has been described previously. [7] [8] [9] [10] [11] [12] The computer hardware is diagrammed in Figure 1 Figure 2 . Pulse height analysis can be performed either with the computer or with a hardwired analyzer. Pulse height analysis data from the hardwired analyzer is transferred via paper tape to the computer. The program provides for the storage of pulse height analysis spectra on DEC tape and reduction of the data.
Ge(Li) and other high-resolution spectral data is processed by use of the GASPAN program 16-17 and a radionuclide identification program. The software peak searches for the full energy peaks, calculates the peak energies and areas, automatically identifies the radionuclides detected and calculates the disintegration *Manufactured by Digital Equipment Corporation (DEC) Several Fortran IV programs are available for selection, sorting, tabulating, plotting and card punching of data from the project summary files. Additional programs are easily coded as needed to suit specific requirements. Figure 6 is a typical example of a plot prepared from data for one of a number of radionuclides measured on a large number of samples collected over a period of time.
System Performance
The system has solved many problems related to economy of operations, rapid and timely processing, adjustment of calculation parameters and error corrections which formerly were performed in a less-thanoptimum manner with a large central computer facility.
The major economies are associated with the file search operations which are performed on smaller (DEC tape) files using inexpensive mini-computer time. The many DEC tape files also provide a degree of random access (by the operator) not possible when all the data is on one or more large magnetic tapes. The limitation on file size resulting from the use of DEC tape has not been found to be a significant problem.
The ease and timeliness of error corrections is also a significant asset. When errors occur, especially in spectral data, the technician operating the computer is usually familiar with the data acquisition and is able to take recovery action or immediately repeat the measurement.
Repetition of calculations with different parameters or plotting and listing of data with changing formats is facilitated when the data processing is performed in the laboratory. Modifications to the system are also easily accomplished and card output is available when the resources of a large computer are required.
The system allows the experimenter to control both the data acquisition and data analysis to fit his schedule and needs. Thus the experimenter can easily contend with changing priorities and requirements. 
